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Graph theory was successfully applied in developing a relationship between
chemical structure and biological activity. The relationship of two graph invariants
the eccentric connectiity index and the Wiener’s index was investigated with
regard to anti-inflammatory activity, for a data set consisting of 76 pyrazole
carboxylic acid hydrazide analogues. The values of the eccentric connectiity index
and the Wiener’s index of each analogue in the data set were computed and active
ranges were identified. Subsequently, each analogue was assigned a biological
activity that was compared with the anti-inflammatory activity reported as percent
reduction in paw swelling. Prediction with an accuracy of 90% was obtained
using the eccentric connectiity index as compared to 84% in the case of Wiener’s
Ž .index.  2002 Elsevier Science USA
INTRODUCTION
Ž .Structure activity relationships SARs are models that relate structural
aspects of a molecule to its physicochemical or biological properties. SARs
are used as a tool to develop safer and potent drugs. The inherent problem
in the development of a suitable correlation between chemical structures
and biological activity can be attributed to the non-quantitative nature of
chemical structures. Graph theory was successfully employed through the
translation of chemical structures into characteristic numerical descriptors
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 by resorting to graph invariants 16 . Since the structure of an analogue
depends on the connectivity of its constituent atoms, the numerical graph
invariants derived from information based on connectivity can reveal
structural or sub-structural information of a molecule. Although many
numerical graph invariants are reported yet only a handful of them were
employed for predicting biological activityRandic’s molecular connectiv-
     ity index 7, 8 , Hosaya’s index 9, 10 , and Balaban’s index 1114 .
Molecular topology as represented by the connectivity of the atoms can
relate biological activity with the analogues. Topological indices developed
for predicting physicochemical properties and biological activities, of
 chemical substances, can be used for drug design 1520 .
The drugs used to counteract inflammation, a morbid process affecting
some parts of the body characterized by excessive heat, swelling, pain, and
redness are called anti-inflammatory agents. The important classes of
pharmacological agents that inhibit inflammatory response are non-
Žsteroidal anti-inflammatory drugs NSAIDs, carboxylic, or enolic organic
.acids, e.g., aspirin and the adrenal glucocorticosteroid hormone or
Ž .  steroidal anti-inflammatory drugs SAIDs, e.g., hydrocortisone 21 . Both
SAIDs and NSAIDs interfere with the synthesis and the release of media-
tors of inflammation derived from arachidonic acid. The arachidonic acid
metabolism proceeds along two different pathways as depicted in Figure 1.
As shown in Figure 1, the glucocorticoids act by inhibiting the enzyme
phospholipase A that is responsible for the release of arachidonic acid2
from membrane phospholipids. The therapeutic usefulness of glucocorti-
coids, however, is limited owing to their inherent toxicity. The aspirin-like
drugs inhibit cycloxygenase and thus result in diversion of the metabolism
toward lipoxygenase pathways to afford large amounts of the unfavorable
leucotrienes. Furthermore, the inhibition of cycloxygenase enzyme may
cause gastrointestinal side effects by blocking the prostaglandin biosynthe-
 sis 22, 23 .
FIG. 1. Mediators derived from arachidonic acid.
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In the present study, the relationship of anti-inflammatory activity of
pyrazole carboxylic acid hydrazide analogues with the eccentric connectiv-
ity index and the Wiener’s index was investigated.
METHODOLOGY
Calculation of Graph Inariants
  cEccentric connectiity index 24 , denoted by  , is defined as the summa-
tion of the product of the eccentricity and the degree of each vertex in the
hydrogen suppressed molecular graph having n vertices,
n
c  E V ,Ž .Ý i i
i1
where, V is the degree of vertex i, E is the eccentricity of vertex i, and ni i
is the number of vertices in graph G. Eccentric connectiity index takes into
consideration the eccentricity and the degree of adjacent vertices in the
graph.
 The Wiener’s index 24 of a hydrogen suppressed molecular graph is
defined as the sum of the distances between all pairs of vertices,
n1
W Pi ,Ýž /2 i1
where Pi is length of the path that contains the least number of edges
between vertex i and vertex j in graph G; n is the maximum possible
number of i and j.
Model DeelopmentAnalysis
A data set consisting of 76 analogues of pyrazole carboxylic acid hydra-
zide, selected for the present investigation, composed of both active and
Ž .inactive analogues Table I, Fig. 2 . The values of the eccentric connectiity
index of each analogue in the data set were computed using an in-house
computer program. For the selection and the evaluation of range specific
features, exclusive activity ranges were discovered from the frequency
distribution of the response level. Subsequently, each analogue was as-
signed a biological activity, which was then compared with the reported
 23 anti-inflammatory activities of pyrazole carboxylic acid hydrazide ana-
logues. The percent degree of prediction for each range was calculated
from the ratio of number of analogues with correctly predicted activity to
that of the number of analogues present in the range. The overall degree
of prediction was obtained from the ratio of total number of analogues
with correctly predicted activity to that of total number of analogues
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FIG. 2. Basic chemical structure of pyrazole carboxylic acid hydrazide analogues.
TABLE II
The Relationship between Anti-Inflammatory Activity and the Wiener’s Index
Predicted Analogues Accuracy Average reduction in
Ž . Ž .Range Value Total Correct % Paw Swelling %
Ž .Lower inactive 400 25 23 92.00 24.32 23.91
Ž .Lower transitional 400640 18 NA NA 33.78 NA
Ž .Active 640775 14 10 71.43 33.50 37.30
Ž .Upper transitional 7751030 7 NA NA 25.43 NA
Ž .Upper inactive 1030 12 10 83.33 26.33 23.90
NA, not applicable. Values in the brackets are based upon correctly predicted analogues in
the particular range.
present in both the active and the inactive ranges. The results are summa-
rized in Tables IIII.
The anti-inflammatory activity was quantitatively reported at a p.o. dose
of 100 mgkg, in the carrageenan edema assay, as percent reduction in
paw swelling. Analogues exhibiting less than 26% reduction in paw swelling
were considered to be inactive for the purposes of the present investiga-
tion.
The values of the Wiener’s index were also computed for all the
analogues using hydrogen-suppressed structures. The aforementioned pro-
cedure was similarly used to identify the active range.
RESULTS AND DISCUSSION
The role of the eccentric connectiity index in predicting analgesic
 activity was reported 24 previously. In the present study, the relationship
of the eccentric connectiity index and the Wiener’s index with anti-in-
flammatory activity of pyrazole carboxylic acid hydrazide analogues was
investigated. These analogues possess high lipoxygenase inhibitory activity
and negligible cycloxygenase inhibitory activity. Both active and inactive
analogues were included in the set by random selection. Based on the
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TABLE III
The Relationship between Anti-Inflammatory Activity and the Eccentric Connectiity Index
Predicted Analogues Accuracy Average reduction in
Ž . Ž .Range Value Total Correct % Paw Swelling %
Ž .Lower inactive 225 26 24 92.31 24.31 23.91
Ž .Lower transitional 225290 13 NA NA 32.92 NA
Ž .Active 290308 10 9 90.00 38.00 39.55
Ž .Upper transitional 308385 15 NA NA 28.20 NA
Ž .Upper inactive 385 12 10 83.33 26.33 23.90
NA, not applicable. Values in the brackets are based upon correctly predicted analogues in
the particular range.
maximization of moving average with respect to active analogues the
pattern of the resultant data identified the active range.
Using the eccentric connectiity index the study revealed the following
information:
 Biological activity was assigned to a total of 48 analogues in both
the active and the inactive ranges, out of which activity of 43 analogues
were correctly predicted resulting in 90% accuracy, with respect to
anti-inflammatory activity.
 Two transitional ranges bracketed the active range, indicating a
gradual change in anti-inflammatory activity from the inactive to the active
Ž .range Fig. 3 . A total of 28 analogues were present in the transitional
range.
 Eccentric connectiity index values resulted in a pattern where the
active analogues were found to be present in the narrow range of index
values, thus, facilitating rapid identification of the active range. The active
range had an eccentric connectivity index value of 290308. As many as
90% of analogues in the active range exhibited anti-inflammatory activity.
The average reduction in paw swelling of correctly predicted analogues
was observed to be 39.5%.
Similarly, the study using the Wiener’s index revealed the following infor-
mation.
 A total of 51 analogues were classified into active and inactive
ranges, out of which 43 analogues were correctly predicted resulting in
84% accuracy, with respect to anti-inflammatory activity.
 Lower and upper transitional ranges were observed, indicating a
gradual change in anti-inflammatory activity from the inactive to the active
range. A total of 25 analogues were present in the transitional range.
 The active range had a Wiener’s index value of 640775. About
71% of the analogues exhibited anti-inflammatory activity. The average
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ŽFIG. 3. Average percent reduction in paw edema of various ranges LI lower inactive,
.LT lower transitional, A active, UT upper transitional, UI upper inactive . WI
Wiener’s index, ECI eccentric connectivity index.
reduction in paw swelling of correctly predicted analogues was observed to
be 37.3%.
The comparison of results obtained by the eccentric connectiity index and
the Wiener’s index disclose that as the eccentric connectivity index in-
creases, the Wiener’s index also increases. But relative change in the value
of the eccentric connectivity index with the change in molecular graph is
more than the corresponding relative change in the value of the Wiener’s
index. The prediction of anti-inflammatory activity using the eccentric
connectivity index was far superior to that using the Wiener’s index in the
 active range. As reported earlier 24 prediction of analgesic activity by the
eccentric connectivity index was better than that predicted by the Wiener’s
index. Probably, this can be attributed to contribution of connectivity in
addition to distance in case of the eccentric connectivity index.
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